HEADS  of  LECTURES, 

ON  THE 


ELEMENTS 


By  JOHN  RQTHERAM,  M.  D. 

Professor  of  Natural  Philosophy. 


St  ANDREWS: 


PRINTED  BY  ALEX.  SMELLIE,  IfRINTER  TO  THE 
UNIVERSITY, 


i8oi* 


NATURAL  Philofophy,  the  fcienee  defin- 
ed— Its  ufes— Contemplates  all  the  mate- 
rial objeCts  which  Nature  prefents — -Thefe  ob- 
jects are  very  numerous  and  various ; and  hence 
the  fcience  is  very  extenfive. 

Little  progrefs  was  made  in  this  fcienee  by  the 
antients,  chiefly  becaufe  of  the  improper  manner 
in  which  they  conduced  their  invefligations— 
Examples  in  proof  of  this  affertion. 

The  true  method  of  conducting  philofophical 
invefligations. 

Rules  of  Philofophijing v 
\Jl 9 Not  to  indulge  in  conjectures. 
ad)  Not  to  admit  the  exiftence  of  more  caufes 
than  are  fufficient  to  explain,  the  phenomena 
and  the  effeCts  produced* 
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To  afcribe  fimilar  effe&s  to  the  fame  caufe. 

4 thy  Thofe  qualities,  which  in  the  fame  body  can 
neither  be  increafed  nor  diminifhed,  and  which 
belong  to  all  bodies  fubjedt  to  our  examina- 
tion or  within  the  fphere  of  our  obfervation, 
are  to  be  accounted  the  univerfal  properties 
of  all  bodies. 

On  this  lafl  rule  is  founded  the  method  of  ar- 
guing by  induction — The  excellency  of  this  mode 
of  arguing — Errors  in  the  management  of  it— 
Directions  how  thefe  errors  are  to  be  avoided. 

The  firfi  bufmefs  of  Natural  Philofophy  is  the 
contemplation  of  natural  objects — Thefe  being 
very  numerous,  philofophers  were  induced  to  ar- 
range them  into  ciaffes  and  orders. 

Hence  arofe  fyftems. 

The  fyftem  of  the  elements ; its  beauty  and 

defeats. 

Material  System. 

Matter  fundamentally  the  fame  in  all  bodies — - 
The  diverfity  of  bodies  arifes  from  the  different 
modification,  arrangement,  and  mode  of  cohe- 
fion  of  the  particles  of  matter  compofing  thofe 

bodies. 


Matter 
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Matter  is  whatever  has  extenfion  and  makes 
refinance. 

Various  Properties  of  Matter . 

\Jl,  Divifibility  without  end — This  property 
admitted  with  difficulty  on  account  of  the  finite 
underflanding  of  man — Objected  to  by  meta- 
phyficians — Their  objections  refuted— The  great 
divifibility  of  matter  obfervable  in  various  natu- 
ral objeCts  and  operations^ — It  can  be  carried  to 
great  extent  by  human  art — Examples. 

2d,  Attraction — Of  this  there  are  various 
kinds. 

a.  Attraction  of  cohefion,  which  aCts  at  fmall 
and  imperceptible  diftances- — Strongefl  when 
the  particles  of  matter  are  fimilar — Many  par- 
ticles of  matter  held  together  by  the  attraction 
of  cohefion  compofe  a body— Hence  the  defi- 
nition of  a body-^-Denfity  of  a body— Denfi- 
ty  proportional  to  the  quantity  of  matter  in 
the  body. 

b.  Attraction  of  gravitation — -Equally  ftrong  be- 
tween particles  of  matter  that  are  diffimilar— 
ACts  at  all  diftances— Its  force  decreafes  as  the 
fquare  of  the  diftance  increafes.  Hence  gra? 

vitation 
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vitation  = fquare  of  the  diflance  reciprocal- 
ly— The  caufe  of  bodies  falling  to  the  earthy 
that  is,  of  bodies  being  heavy — Gravity  fyno- 
nymous  with  weight— Difference  between  gra- 
vity and  gravitation— Weight  the  meafure  of 
gravitation— Hence  G ==  W ==  Qj=  D.  Alfo 
W==B;  and  univerfally  W=DB,  and  G=pDB, 
Specific  gravity  the  fame  with  denfity — The 
gravitation  of  all  the  different  particles  of  mat- 
ter compofmg  a body  feems  to  be  concentrated 
in  a certain  point  within  the  body,  called  the 
center  of  gravity— When  this  center  of  gravi- 
ty is  fupported,  the  body  is  at  reft — Equilibri- 
um— Center  of  fufpenfion  and  center  of  gra- 
vity always  in  the  fame  perpendicular  line— 
Stable  or  permanent  equilibrium,  and  unflable 
or  tottering  equilibrium. 

f.  Peculiar  attractions* 

d,  Eledive  attractions— Thefe  two  will  be  ex- 
plained and  treated  of  in  the  fequel. 

3<i,  Inactivity,  called  alfo  inertia, 

4th,  Mobility,  when  aCted  on  by  any  force  or 

power. 

Motion,  a continual  and  fucceffive  change  of 

place— All  motion  the  effeCt  of  fome  force  or 

power— 
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power— The  force  producing  motion  may  be  ei- 
ther a momentary  impulfe,  or  a conftantly  adting 
force. 

No  motion  can  be  inftantaneous,  that  is,  a 
body  in  motion  requires  a certain  time  to  pafs 
over  a certain  fpace. 

The  fpace  palled  over  by  a moving  body  is  a 
line  defcribed  by  the  center  of  gravity  of  that 
moving  body— The  direction  of  this  line  is  the 
direction  of  the  motion  ; and  it  is  always  in  the 
direction  of  the  force. 

Velocity  is  the  rate  at  which  the  body  moves  ; 
and  it  may  be  either  uniform,  or  accelerated,  or* 
retarded,  or  unequable. 

Impediment  is  any  thing  which  either  obfirudts, 
refills,  diminifhes,  or  deftroys  motion. 

Ail  motion  ==  the  force  which  produced  or 
produces  the  motion. 

Adtion  and  reaction  equal  and  contrary. 

In  confidering  the  circumftances  of  a body  in 
motion,  where  the  fpace  defcribed  is  not  long, 
and  is  near  the  furface  of  the  earth,  we  may, 
without  producing  any  fenfible  error  in  our  con- 
clufions,  fuppofe  that. 


\ft  i 
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ijl,  A fmall  portion  of  the  earth’s  furface  is  a 
plane. 

2d,  All  bodies  defcend,  or  fall  to  the  earth’s 
furface,  in  lines  parallel  to  each  other. 

3 d,  The  fame  body  is  of  the  fame  weight  at 
different  heighths  from  the  earth’s  furface. 

Simple  motion  is  that  which  is  produced  by  a 
frngle  force. 

Compound  motion  is  that  which  is  produced 
by  two  or  more  forces  a&ing  conjundtly  at  the 

fame  time. 

Simple  motion  produced  by  a momentary  im- 
pulfe  is  uniform. 

Suppofmg,  F = the  force  producing  the  motion, 
v = velocity,  t = time  Ipent  during  the  motion, 
s - the  fpace  paffed  over,  Qj=  the  quantity  of  main 
ter  in  the  body  *,  in  uniform  motion  we  have  the 
following  general  propofitions  : 

1.  v ^F,  when  the  quantity  of  matter  in  the 
moving  body  is  given. 

2.  s ==  t,  when  the  velocity  is  given. 

3.  s ==  v,  when  the  time  is  given. 

4.  s 4 tv. 

5.  F ==  C>,  when  the  velocity  is  given. 

6.  F 4=  Qy. 
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A body  in  motion  exerts  a force  againft  any 
impediment,  which  force  exerted  by  the  moving 
body  is  called  the  momentum  of  the  moving  bo- 
dy ; and  this  momentum  is  always  ~ F. 

Hence  momentum  ~=  Qy. 

Simple  motion  produced  by  a conftantly  act- 
ing force  is  accelerated. 

In  accelerated  motion  we  have  the  following 
propofitions,  ufing  the  fame  fymbols  as  before, 
and  taking  m = momentum 

1.  m = Ft. 

2.  Ft  4=  Qy. 

3-  Q£  = Fr. 

4.  Fs  ==  Qy2. 

In  any  particular  cafe  where  any  of  thefe  quail” 
tides  are  conftant,  they  may  be  left  out  of  the 
proportions ; as  in  the  cafe  of  falling  bodies, 
where  the  quantity  of  matter  in  the  falling  body* 
remains  the  fame,  and  where  the  force  of  gravi- 
tation near  the  furface  of  the  earth  is  the  fame, 
Q^and  F being  left  out,  the  propofidons  will  be, 

1.  m ==  t. 

2.  t = v. 

3.  s = t.2. 

4.  s ==  vk 

Compound 
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Compound  motion  is  the  refuit  of  two  or  more 
forces  adding  conjundtly  upon  a body : Of  this 
there  are  numerous  varieties. 

ifi , When  the  body  is  adted  on  by  two  forces 
which  are  momentary  impulfes,  the  two  forces 
may  be  either, 

a.  In  the  fame  diredtion- — In  this  cafe  the  body 
moves  in  the  diredtion  of  the  forces  ; and  its 
velocity  -=  fum  of  the  forces. 

b.  In  oppofite  directions- — The  motion  is  in  the 
diredtion  of  the  greater  force ; and  veloci- 
ty 4=  difference  of  the  forces— If  the  two  forces 
be  equal,  the  body  is  kept  at  reft. 

c.  The  one  oblique  to  the  other— In  this  cafe  if 
the  diredtions  and  the  forces  be  reprefented  by 
two  ftraighy  lines  AB  and  AC,  and  the  paral- 
lelogram ABDC  be  formed,  the  diredtion  of 
the  motion  is  the  diagonal  AD,  and  the  body 
will  move  through  the  diagonal  in  the  fame 
time  that  the  body  would  have  paffed  over 
AB  or  AC  if  adted  on  by  one  of  the  forces  fe- 
parately. 

Of  the  compofttion  and  refolution  of  forces. 

If  a body  be  kept  at  reft  by  three  forces  adting 

conjundtly. 
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conjunCtly,  the  forces  are  — ; thefides  of  a triangle 
formed  by  lines  drawn  parallel  to  the  directions 
of  the  three  forces  refpeCtively— Alfo  each  force 
refpeCtively  proportional  to  the  fine  of  the  angle 
made  by  the  directions  of  the  other  two— Alfo 
==  fides  of  a triangle  formed  by  lines  drawn  per- 
pendicular to  the  diredions  of  the  three  forces 
refpeCtively. 

If  a body  ftrikes  or  aCts  againfl  a plane  fur- 
face,  it  exerts  its  force  on  the  plane  in  a direction 
perpendicular  to  the  plane  ; and  the  force  exert- 
ed on  the  plane  4.-  fine  of  the  angle  of  inclination. 

If  the  body  be  reflected  after  the  ftroke,  the 
angle  of  reflection  equals  the  angle  of  inclination. 

The  three  foregoing  dynamical  propofitions 
exemplified  by  bodies  at  reft  on  inclined  planes. 

If  a body  be  held  at  reft  on  an  inclined  plane 
by  a power  hanging  freely,  and  both  be  fet  a 
moving,  their  perpendicular  velocities  are  reci- 
procally 4=  quantities  of  matter. 

If  a body  fall  down  an  inclined  plane,  the  ve- 
locity acquired  by  the  body  in  any  time  : the  velo- 
city acquired  by  a body  falling  perpendicularly 
in  the  fame  time  ::  CB  : C A— Alfo  • fine  of  the 
plane’s  inclination  to  the  horizon  : radius. 


The 
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The  fpace  defcribed  by  a body  on  an  inclined 
plane  : fpace  defcribed  by  a body  falling  perpen- 
dicularly in  the  fame  time  ::  CB  : CA. 

While  a body  falls  perpendicularly  through 
CB,  another  will  defcend  along  the  plane  from 
C to  D. 

The  fpaces  defcribed  on  the  fame  plane  =~ 
fquares  of  the  times. 

The  time  on  the  plane  CA  : time  of  falling 
perpendicularly  through  CB  ” CA  : CB. 

The  times  on  different  planes  of  the  fame  in- 
clination ==  lengths  of  the  planes. 

The  times  in  feveral  fucceffive  planes  equals 
the  time  in  one  plane  of  the  fame  heighth. 

The  time  in  a curve  equals  the  time  in  a plane 
of  the  fame  heighth. 

The  velocity  acquired  by  a body  moving  down 
a curve  ===  fquare  root  of  the  heighth  fallen  from. 

The  times  of  defending  through  fimilar  parts 
of  fimilar  and  fimilarly  fituated  curves  ==  fquare 
roots  of  the  lengths  of  the  curve,s. 

The  times  in  all  chords  and  in  the  perpendicu- 
lar diameter  of  a circle  are  equal. 

Of  Pendulums . 

1/?,  If  a pendulum  vibrate  in  a very  fmall 

arc. 
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arc,  the  time  of  one  vibration  : time  of  a body 
falling  perpendicularly  through  half  the  length 
of  the  pendulum  : circumference  : diameter  of 
a circle;  that  is,  1 3.1416  : 1. 

Hence  we  learn  that  a body,  falling  to  the  earth, 
falls  through  16  feet  1 inch  in  theTifl  fecond  of 
its  fall.  We  may  therefore  take  16  feet  1 inch 
to  reprefent  the  force  of  gravitation  at  the  earth’s 
furface,  viz.  G ™ 193  inches. 

2d,  The  lengths  of  pendulums  vibrating  in 
fimilar  arcs,  =~  fquares  of  the  times  of  vibra- 
tion. 

$d,  The  lengths  of  pendulums  vibrating  in  fi- 
milar arcs,  and  in  the  lame  time,  4=  forces  of  gra- 
vitation. 

4 th.  The  times  of  vibration  of  pendulums  of 
the  fame  length  vibrating  in  fimilar  arcs  =#  fquare 
roots  of  the  forces  of  gravitation  ; and  alfo  reci- 
procally ==  diltances  from  the  center  of  the  earth. 

Ufes  of  pendulums ; for  meafuring  time ; for 
meafuring  heighths ; for  afcertaining  the  figure  of 
the  earth. 

Every  part  of  a pendulum  has  a momentum  pe- 
culiar to  itfelf ; and  one  certain  part  of  the  pen- 
dulum has  a momentum  that  is  the  mean  of  all 
the  momenta  of  all  the  feveral  parts ; and  confe- 

quently 
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quently  the  momenta  of  all  the  feveral  parts  of  a 
pendulum  feem  to  be  concentrated  in  this  point— 
We  may  therefore  call  this  point  the  center  of 
momentum— It  is  ufually  called  the  center  of  of- 
cillation— The  center  of  percuffion  identical  with 
the  center  ox  momentum. 

Method  of  finding  the  center  of  momentum  in  a 
pendulum  of  known  form  and  weight. 

The  length  of  a pendulum  is  the  diftance  be-* 
tween  the  point  of  fufpenfion  and  the  center  of 
momentum. 

If  the  center  of  momentum  be  made  the  point 
of  fufpenfion,  the  point  of  fufpenfion  becomes 
the  center  of  momentum  reciprocally. 

The  general  principles  of  dydamics  illuftrated 
by  the  fimple  machines  called  the  mechanical 
powers,  and  by  compound  machines ; in  all  of 
which,  when  the  weight  and  power  are  in  equfi 
librio,  the  momentum  of  the  power  equals  the  mo- 
mentum of  the  weight ; and  to  raife  the  weight 
as  much  more  additional  power  muft  be  applied 
as  will  be  fufficiept  to  overcome  the  refinance  of 
the  machine— The  chief  refiftance  in  machinery 
is  fridion— Pradical  rules  concerning  machine* 
ry. 

All 
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All  that  has  been  advanced  concerning  the 
compound  motion  refulting  from  the  conjunct  ac- 
tion of  two  momentary  impulfes,  is  alfo  applicable 
to  the  compound  motion  refulting  from  two  for- 
ces conftantly  acting, 

id , When  one  of  the  two  forces  is  a momen- 
tary impulfe,  and  the  other  a force  conftantly  act- 
ing, the  body  moves  in  a curve,  the  nature  of 
which  curve  varies  according  to  the  direction  of 
the  conftant  force. 

Two  cafes  of  this  compound  motion  confider- 
ed  : All  other  cafes  are  matters  more  of  curioftty 
than  utility,  and  may  be  reduced  to  one  or  other 
of  the  two,  following. 

a*  When  the  conftant  force  adts  in  a dire&ion 
parallel  to  itfelf,  the  curve  in  which  the  body 
moves  is  a parabola.  We  have  examples  of 
this  motion  in  bodies  thrown  or  projected  near 
the  furface  of  the  earth. 

The  dynamical  principles  of  proje&iies  applied 
to  artillery,  or  the  art  of  gunnery. 
b . When  the  conftant  force  a£ts  towards  a fixed 
point,  the  curve  in  which  the  body  moves  is  a 
C recurrent 
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recurrent  curve,  or  a curve  which  returns  into 
itfelf. 

The  conflant  force  tending  to  a fixed  point  is 
called  the  centripetal  force  ; the  momentary  im- 
pulfe  is  called  the  centrifugal  force  ; the  point  to 
which  the  conflant  force  tends  is  called  the  center 
of  force.  The  curve  in  which  the  body  moves 
is  called  the  orbit ; the  time  which  the  body  takes 
to  pafs  over  the  whole  orbit,  i.  e.  the  interval  of 
time  elapfed  from  the  departure  of  the  body  from 
any  certain  point  in  the  orbit  till  its  return  to  the 
fame  point,  is  called  the  revolution,  or  period,  or 
periodical  time. 

In  the  cafe  of  bodies  moving  in  circular  orbits^ 
if  P = the  periodical  time,  s = the  fpace  which 
the  body  would  move  through  by  the  addon  of 
the  centripetal  force  F in  any  time  t,  c = 3. 
1416,  and  R - radius  of  the  circle,  we  have  the 
following  prppofitions. 

2R 
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4 ih.  If  the  centripetal  force  be  reciprocally  as 
the  fquare  of  the  diftaiice,  P2  4-  Rh 

In  the  cafe  of  a body  moving  in  any  other 
curve  than  a circle ; 

3 y?,  The  areas,  defcribed  by  radii  from  the  cen- 
ter of  force  to  the  moving  body,  the  timesof 
defcription. 

2 d9  F ~ cube  of  the  perpendicular  from  the 
center  of  force  to  the  tangent. 

3J,  If  the  body  move  in  an  ellipfe,  and  D = 
the  diflance  of  the  body  from  the  center  of  force 
placed  in  one  focus  of  the  ellipfe,  then  F is  reci- 
procally 4=  E)\ 

4th9  Thefquares  of  the  periods  4;  cubes  of  the 
mean  diffances. 

If  a body  be  adled  on  by  two  or  more  different 
centripetal  forces,  tending  to  two  or  more  differ- 
ent centers,  by  the  compofition  and  refolution  of 
forces,  we  can  find  the  direction  and  quantity  of 
one  force  equivalent  to  all  thefe  different  forces, 
fo  that  all  cafes,  where  there  are  feveral  different: 
centripetal  forces,  may  be  reduced  to  the  cafe  of 
a body  moved  by  a fingle  impulfe,  and  one  cen- 
tripetal force. 


We 
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We  have  examples  of  this  kind  of  motion  ini 
the  heavenly  bodies. 

That  branch  of  Natural  Philofophy  which  con- 
templates the  heavenly  bodies,  and  explains  the 
phenomena  and  motions  obfervable  among  them, 
is  called  Aftronomy. 

The  heavens  appear  to  be  a concave  hemi- 
fphere  whofe  center  is  the  obferver’s  eye,  and  the 
earth’s  furface  appears  to  be  an  extended  plane 
which  meets  the  concave  in  a circle,  called  the 
horizon. 

In  this  concave  are  innumerable  luminous  bo- 
dies, feme  of  which  are  ftationary,  called  fixed 
{tars,  and  others  moveable,  called  planets.  Two 
of  thefe  luminous  bodies,  more  remarkable  than 
any  of  the  reft,  are  called  the  fun  and  moon. 

The  fixed  ftars  ought  firft  to  be  treated  of,  be- 
caufe  they  are  fixed  points  to  which  we  refer  the 
places  of  the  planets,  and  fixed  marks  by  which 
we  meafure  their  motions. 

Various  opinions  of  Philofophers  about  the 
fixed  ftars— How  the  fixed  ftars  may  be  diftin- 
guifhed  from  one  another— Neceflity  for  making 

catalogues  3, 
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catalogues,  and  conftru&ing  maps  of  them— 
The  moll  noted  catalogues  and  maps  defcribed 
and  explained. 

The  fphere  of  the  heavens  feems  to  revolve 
once  23h.  56™.  4s.—Poles. 

All  the  liars  defcribe  circles  which  are  parallel 
to  each  other,  and  of  which  one  is  the  greatefl, 
viz.  that  which  is  in  the  middle  between  the  two 
poles,  and  which  is  called  the  equator— Some  of 
the  liars  are  always  above  the  horizon  ; others 
go  below  the  horizon  in  the  well,  and  come  up 
again  above  the  horizon  in  the  eall ; rife,  culmh 
nate,  and  fet— ' The  divifion  of  the  horizon  into 
four  cardinal  points,  and  thefe  fubdivided. 

Meridian,  where  all  the  liars  culminate,  is  a 
circle  perpendicular  to  the  horizon  and  to  the 
equator ; palfes  through  the  fouth  point  of  the 
horizon,  the  vertex  or  zenith,  the  poles,  the  north 
point  of  the  horizon,  and  the  nadir. 

Of  the  elevation  of  the  pole,  and  how  to  find 

it— Different  in  different  places. 

* 

Different  methods  of  finding  the  pofition  of  a 
meridian  line. 

Every  particular  fixed  liar  culminates  at  the 

fame 
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fame  altitude — The  fun  does  not— Tropics— 
Tropical  year  363d*  5 k 48  m.  48s. — Uiftance  be- 
tween the  tropics  meafured  by  the  antients  250 
years  before  Chrift,  and  found  to  be  i j of  the 
whole  circle,  i.  e . 47  °.  42^.  4/7.— Found  in  the 
the  year  1800  after  Chrift  to  be  46°.  55'.  52//.— 
Hence  this  diflance  feenis  to  be  diminifhing. 

The  fun’s  diurnal  revolution  flower  than  that 
of  the  fixed  flars,  being  about  24*;  varying  30s, 
more  or  lefs,  from  2411. — The  calife  of  this  is  a 
proper  motion  of  the  fun  from  weft  to  eaft,  mak- 
ing a complete  revolution  round  the  fphere 
among  the  fixed  ftars  in  363d*  6h.  9 . 11s.  called 
the  fidereal  year,  which  is  2om.  23^  longer  than 
the  tropical  year — Heliacal  rifing  and  fetting  of 
the  ftars. 

The  fun’s  annual  path  through  the  heavens 
can  be  traced,  and  is  found  to  be  a circle  called 
the  ecliptic — The  ecliptic  croffes  the  equator  in 
two  oppofite  points  called  the  equinoxes — Obli- 
quity of  thefe  two  circles  to  each  other — The 
equator  fometimes  called  the  equino&ial  line,  and 
the  tropics  fome  times  called  folftices. 

Other  imaginary  great  circles  of  the  fphere 


are 
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are  two  colures,  circles  of  declination  or  meridi- 
ans, circles  of  latitude,  and  vertical  or  azimuth 

circles. 

The  imaginary  lefibr  circles  are,  i /?,  Parallels 
to  the  equator,  qr  parallels  of  declination,  of 
which,  four  are  diftinguifhed  by  proper  names, 
viz.  the  two  tropical  and  two  polar  circles  ; 'idly , 
Parallels  to  the  ecliptic  or  parallels  of  latitude  y 
and,  3^//,  Parallels  to  the  horizon,  or  almacan- 
tors. 

Ufes  of  all  thefe  imaginary  circles — Right  aft 
cenfion  and  declination,  longitude  and  latitude — « 
Altitude  and  azimuth,  amplitude,  oblique  afcen- 
fion  and  defcenfion. 

Moon’s  diurnal  revolution-— Phafes— Lunation 

29d.  1 2h.  44m.  3s. 

Moon’s  proper  motiqji  among  the  fixed  ftars 
from  weft  to  eaft— Lunar  period  jh.  43 
1 1 1 *. — Her  path  an  apparent  circle  inclined  to 
the  ecliptic — Nodes — -The  inclination  of  the 
moon’s  path  to  the  ecliptic  and  the  place  of  the 
nodes  vary — -Thefe  variations  irregular,  but,  on 
the  whole,  the  place  of  the  nodes  moves  retro- 
grade* 


A 
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A Angular  phenomenon  fometimes  happens  at 
the  time  of  the  new  moon,  viz.  an  eclipfe  of  the 
fun,  which  is  to  be  more  fully  treated  of  in  the 
fequel— Inferences  from  this  phenomenon,  \Jl, 
The  moon  is  a folid  fphere  ; 2d,  The  moon  is 
between  the  fun  and  the  earth ; 3 d,  The  moon 
is  not  luminous  in  itfelf. 

A fimilar  phenomenon  is  fometimes  obfervable 
at  the  time  of  the  full  moon,  viz.  an  eclipfe  of 
the  moon — Inferences  from  this  phenomenon, 
1 ft,  The  earth  has  a fhadow  ; 2d,  The  moon  is 
enlightened  by  the  fun ; 3 d.  The  earth  is  a, 
fphere* 

The  earth  being  afcertained  to  be  a fphere 
whofe  center  was  identical  with  the  center  of  the 
fphere  of  the  heavens,  all  the  imaginary  points 
and  circles  of  the  heavens  were  referred  to  the 
furface  of  the  globe  of  the  earth— Hence  all  the 
circles  of  the  fphere  have  their  common  center 
at  the  center  of  the  earth— Difficulty  about  the 
horizon — Real  and  apparent  horizon— Paral- 
laxes— Ufes  of  the  imaginary  circles  on  the  fur- 
face  of  the  globe  of  the  earth. 

All  the  phenomena  relating  to  the  diurnal  mo- 
tion 


HEADS  OF  LECTURES,  &c. 


25 


tion  of  the  fphere  from  eaft  to  weft  are  explica- 
ble on  the  fuppofition  that  the  earth  has  a rota- 
tion on  its  axes  from  weft  to  eaft  in  23h.  56™. 

4s- 

Spherical  problems— Different  methods  of  fob 
ving  them,  1 ft.  Mechanically,  2 Inftrumen- 
tally,  3J,  Arithmetically. 

The  fun’s  motion  in  the  ecliptic  more  particu- 
larly confidered — -The  difference  between  the  tro- 
pical (called  alfo  the  equinoctial)  year,  and  the 
fidereal  year  is  owing  to  the  preceffion  of  the 
equinoxes— The  different,  methods  by  which  this 
flow  motion  of  the  equinoxes  may  be  afcertain- 
ed — Its  quantity  is  50b 2 27  annually. 

The  effeCts  of  the  preceffion  in  altering  the 
longitudes,  right  afcenfions  and  declinations  of 
the  fixed  ftars,  but  not  their  latitudes,  and  in  al- 
tering the  fituatiom  of  the  pole  of  the  fphere  with 
refpeCt  to  the  fixed  ftars. 

The  fun’s  motion  in  the  ecliptic  from  weft  to 
eaft  not  equable ; being  about  the  end  of  June, 
57'.  i67/  in  a day,  and,  about  the  end  of  Decem- 
ber, 61'.  1 0"  in  a day. 

The  fun’s  apparent  diameter  alfo  varies,  being 
D the 
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the  lead:,  viz.  31'.  3U.  when  his  motion  is  the 
flowed,  and  greateft,  viz.  32'.  35//*58,  when  his 
motion  is  the  quickeft. 

Inference  drawn  from  thefe  two  phenomena 
conjointly  taken,  that  the  fun  is  at  different  dis- 
tances from  the  earth  at  different  times,  viz.  far- 
ther from  the  earth  when  his  motion  is  the  flow- 
ed: and  his  apparent  diameter  the  lead:,  and  near- 
er the  earth  when  his  motion  is  quickeft  and  his 
apparent  diameter  greateft. 

Different  hypothefes  for  explaining  thefe  phe- 
nomena ; ijl)  By  fuppofmg  the  fun  to  move  in 
an  eccentric  circle  ; eccentricity,  apfides,  apo- 
geum,  perigeum,  anomaly  mean  and  true,  profth- 
apherefis  or  equation ; 2 dly^  By  fuppofmg  the 
fun  to  move  in  an  epicycle  ; 3 dly.  By  fuppofmg 
the  fun  to  move  in  an  ellipfe — The  laft  hypothe- 
cs found  to  be  very  nearly  true,  i.  e.  found  to 
explain  the  phenomena  very  nearly. 

The  motion  of  the  heavenly  bodies  ufed  as  a 
meafure  of  time- — The  nature  of  time  ; time  can 
only  be  meafured  by  uniform  motion;  fidereal 
time ; folar  or  apparent  time ; mean  time ; equa- 
tion of  time. 
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A year,  a proper  integral  ftandard,  and  de- 
termined by  the  revolution  of  the  fun  in  his 
orbit — Solar  year  and  civil  year. 

Lunation  ufed  as  a meafure  of  time ; months 
and  weeks— Lunar  year. 

Difficulties  of  adj lifting  the  civil  year  either 
with  the  folar  or  lunar  year— Julian  year;  Julian 
calendar ; its  defe&s  ; was  reformed  by  Pope 
Gregory  ; Gregorian  calendar  ; epaCts,  and  their 
ufe  in  finding  the  mean  new  and  full  moons— 
Metonic  and  other  cycles. 

Of  the  planets;  only  five,  viz.  Mercury,  Ve- 
nus, Mars,  Jupiter,  and  Saturn,  were  known  be- 
fore the  year  1782,  when  a fixth  was  difcovered 
by  Dr  Herfchell,  and  is  called  by  the  name  of 
the  difcoverer. 

Motion  of  the  planets  among  the  fixed  ftars 
very  irregular  and  unequal— Sometimes  they 
move  from  weft  to  eaft,  or  dire&ly,  as  do  the 
fun  and  moon  ; fometimes  from  eaft  to  weft,  or 
retrogradely  ; fometimes  they  move  neither  di- 
rectly nor  retrogradely,  but  feem  to  ftand  (till, 
when  they  are  faid  to  be  ftationary. 

None  of  them  ever  recedes  far  from  the  eclip- 
tic; molt  of  them  only  a few  degrees;  and  none 

of 
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of  them  more  than  io°.— Zodiac  is  a belt  in  the 
heavens  bounded  by  two  parallels  of  latitude, 
one  on  each  fide  of,  and  io°  diffant  from,  the 
ecliptic. 

The  paths  of  the  planets  crofs  the  ecliptic  in 
two  oppofite  points  called  the  nodes,  each  planePs 
path  having  its  own  peculiar  nodes. 

Peculiarities  in  the  motions  of  Mercury  and 
Venus  which  are  not  obfervable  in  the  other 
four— i/?,  They  never  recede  far  from  the  fun— 
Elongation— 2d,  Sometimes  they  are  feen  to 
pafs  over  the  fun— Tranfit— 3^/,  Always  move 
retrogradely  during  a tranfit. 

Peculiarities  obfervable  in  the  motions  of  the 
other  four  planets— iy?,  They  are  feen  at  all  dif- 
tances  from  the  lun— 2 d.  When  oppofite  to  the 
fun,  they  always  move  retrogradely— 3*/,  When 
near  the  fun,  they  always  move  direftly  ; and, 
at  that  time,  their  motions  are  the  quickeft. 

Several  different  hypothefes  or  fyftems  have 
been  contrived  for  explaining  the  apparent  mo- 
tions of  the  planets— 1/?,  The  Ptolemaic,  which 
is  extremely  defective—  2 dy  The  Egyptian,  which 
fully  explains  the  motions  and  phenomena  of 

Mercury 
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Mercury  and  Venus,  but  not  of  the  other  four. 
3<i,  The  Thyconic,  which  fully  explains  all  the 
motions  and  phenomena  of  the  planets,  but  it  is 
very  complex.  4 th.  The  Copernican,  which  ful- 
ly explains  all  the  motions  and  phenomena  of 
the  planets,  and  is  much  more  fimple  than  the 
Thyconic. 

r 

Objections  again!!:  the  Copernican  fyftem  refut- 
ed, and  the  reafons  why  we  adopt  it  as  the  true 
fyftem — Heliocentric  and  geocentric  places  of 
the  planets  ; annual  parallaxes. 

The  planets  revolve  each  in  an  ellipfe  round 
the  fun,  which  is  placed  in  one  focus  common  to 
all  the  feven  ellipfes- — Excentricities,  apfides,  pe- 
riods, apheliums,  periheliums. 

Various  methods  of  afcertaining  all  the  particu- 
lars of  a planet’s  motions,  and  the  form  and  fL 
tuation  of  its  orbit,  by  aCtual  obfervation. 

The  motion  of  the  earth  in  its  orbit  more  par- 
ticularly confidered— Seafons  of  the  year. 

Motion  of  the  moon  more  particularly  confider- 
ed ; whence  we  conclude,  that  the  moon  moves 
in  an  ellipfe  round  the  earth  placed  in  one  focus, 
and  defcribes  areas  proportional  to  the  times. 

Hence 
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Hence  its  motion  is  a compound  motion  refulting 
from  a momentary  impuife  and  a centripetal 
force — The  centripetal  force  of  the  moon  proved 
to  be  identical  with  the  force  of  gravitation. 

Jupiter  has  four  moons  revolving  round  him 
at  different  diftances — The  periods  and  diftances 
of  thefe  moons  afcertained  from  obfervation  ; 
whence  it  appears,  that  the  fquares  of  their  pe~ 
riods  = cubes  of  the  diftances. 

Saturn  has  feven  moons,  and  Herfchelfs  planet 
fix  moons,  all  of  which  move  round  their  prima- 
ry  planet  at  different  diftances,  obferving  the 
fame  law,  viz.  that  the  fquares  of  their  periods  ==; 
cubes  of  their  diftances. 

Rotation  of  the  planets  on  their  axes,  and  the 
fituation  of  their  axes  with  refped  to  the  planes 
of  their  orbits,  difcoverable  by  obferving  fpots  or 
inequalities  on  their  furfaces— Peculiar  phenome- 
na  of  the  belts  of  Jupiter  and  the  ring  of  Saturn. 

In  confequence  of  the  rotation  of  the  planets  on 
their  axes,  they  are  not  perfect  fpheres,  but  oblate 
fpheroids — The  figure  of  the  earth  briefly  notic- 
ed— The  effed  of  this  fpheroidical  figure  on  the 
parallaxes,  efpeciaily  on  the  parallax  of  the  moon. 

Eclipfes 
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Eclipfes  of  the  moon  and  fun  more  particularly 
defcribed — Methods  of  predicting  them  explain- 
ed  and  exemplified. 

Other  eclipfes ; occultations  and  tranfits*— -The 
great  ufes  of  all  thefe  phenomena  in  chronology, 
geography,  navigation,  and  aftronomy. 

Comets ; different  opinions  about  them — Like 
the  planets,  they  revolve  in  ellipfes  round  the  fun 
in  one  focus. 

By  obfervation,  all  the  planets  and  comets  re- 
volve round  the  fun  in  ellipfes,  defcribing  areas 
~ times ; the  fquares  of  their  periods  = cubes 
of  their  mean  diftances ; the  fecondary  planets 
obferve  the  fame  law  in  revolving  round  their  re- 
fpeCtive  primaries : Their  motion  is  therefore  a 
compound  motion,  produced  by  a momentary 
impulfe  and  a centripetal  force ; and  fince  the 
centripetal  force  of  the  moon  has  been  demon- 
ftrated  to  be  identical  with  the  force  of  gravita- 
tion, we  conclude  the  centripetal  forces  of  all  the 
other  fecondary  planets,  and  alfo  of  the  primary 
planets  and  comets,  to  be  the  fame,  namely,  gra- 
vitation. 

The  general  condufions  are, 
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ifii  That  the  world  had  a beginning,  namely, 
when  the  momentary  impulfe  was  firft  given. 

2d , That  it  is  held  in  exiftence  by  a conftant- 
ly  ading  force  or  power. 

3 d9  That  it  mu  ft  ceafe  whenever  this  power  is 
withdrawn. 

4 th9  That  the  whole  fyftem  is  the  confequence 
of  defign,  in  which  there  is  a difplay  of  wifdom 
and  power  far  exceeding  the  utmoft  ftretch  of  hu- 
man thought. 

**  * 

The  fyftem,  however,  mud  be  examined  [till 
farther.  The  fun,  which  is  the  center  of  the  fyftem, 
is  the  fource  of  all  the  light  and  heat  which  we 
enjoy.  Light  and  heat  mud  therefore  be  inquir- 
ed into. 

That  branch  of  Natural  Fhilofophy  which 
treats  of  the  nature  of  vifion,  is  called  optics  -9 
but  as  there  can  be  no  vifion  without  light,  it  is 
ttfual  to  treat  of  the  nature  and  properties  of  light 
in  this  branch. 

Light  is  moft  probably  a body  and  it  moves 
naturally  always  in  ftraight  lines. 

The  motion  of  light  proved  by  obfervations  on 

the 
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the  eclipfes  of  Jupiter’s  Satellites ; and  its  veloci- 
ty thence  afcertained  to  be  very  great,  viz.  16^ 
minutes  in  traverfing  the  longer  axis  of  the  earth’s 
orbit. 

% 

Definitions  of  a ray ; a beam  ; pencil,  conver- 
ging or  diverging  ; medium. 

If  a ray  of  light  fall  on  any  furface,  it  is  turn- 
ed out  of  its  ordinary  flraight  courfe  in  two  ways. 

iy?,  If  the  furface  be  not  difpofed  to  let  the 
light  pafs  through  it,  the  ray  is  reflected. 

2 If  the  furface  be  the  furface  of  a perfectly 
tranfparent  medium,  the  ray  pafles  through  the 
medium,  after  having  been  bent  or  refradted  at 
the  furface. 

If  the  furface  be  the  furface  of  an  imperfedtly 
tranfparent  medium,  part  of  the  ray  is  receded, 
and  the  other  part  is.  refracted  at  the  furface. 

Definitions— Incident  ray  ; incident  point ; re- 
fledted  ray  ; refradted  ray  ; angle  of  incidence  $ 
angle  of  refledion  ; angle  of  refradtion. 

General  law  of  reflection— The  angle  of  reflec- 
tion equals  the  angle  of  incidence. 

General  laws  of  refradtion. 

If  the  ray  paffes  out  of  a rare  into  a den- 
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fer  medium,  it  is  refracted  towards  the  perpendi- 
cular. 

2<i,  If  the  ray  paffes  out  of  a denfe  into  a rarer 
medium,  it  is  refracted  from  the  perpendicular. 

3 d.  In  any  two  media,  the  fine  of  the  angle  of 
refraction  ==  fine  of  the  angle  of  incidence. 

4 th9  Different  media  have  different  refracting 
powers  ; thus,  if  the  medium  out  of  which  the 
ray  paffes  be  air,  and  the  medium  into  which  it 
paffes  be  water,  then  the  fine  of  the  angle  of  inci- 
dence : fine  of  the  angle  of  refraction  ::  4 : 3. 
Out  of  air  into  glafs  ::  31  : 20,  or  3 : 2.  Out 
of  air  into  diamond  ::  12  : 5. 

No  law  yet  difcovered  refpeCting  the  different 
refractive  powers  of  different  media  ; thefe  powers 
are  therefore  to  be  afcertained  by  experiment. 

5//?,  If  a ray  of  light  fall  perpendicularly  on 
the  Surface  of  a refrading  medium,  it  will  not  be 
fradted. 

6th , No  ray  palling  out  of  a denfe  into  a rarer 
medium  can  be  refraCted,  if  the  angle  of  inci- 
dence be  greater  than  a certain  limit,  which  li- 
mit varies  for  different  media  : And,  if  the  angle 
of  incidence  be  greater  than  this  limit,  no  part  of 
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the  ray  will  be  refraded,  but  the  whole  of  it  will 
be  refleded. 

jth , A ray?  after  refradion,  is  divided  into  fe- 
ven  differently  coloured  rays  ; viz.  red,  orange, 
yellow,  green,  blue,  indigo,  and  violet,  forming 
an  oblong  image.  Different  degrees  of  refrangi- 
bility  in  the  differently  coloured  parts  of  the  ori- 
ginal ray  ; the  violet  being  molt  refraded,  and 
the  red  the  leafl.  Ratios  of  the  fines  of  the  an- 
gles of  incidence  to  the  fines  of  the  angles  of  re- 
fraction  for  each. 

Luminous  objeds  are  feen  by  their  own  or  na- 
tive light.  Opake  objeds  feen  by  light  being  re- 
flected from  them  ; and  objeds  appear  to  be  of 
different  colours  becaufe  they  are  difpofed  to  re- 
ded or  tranfmit  only  fome  peculiar  parts  of  light, 
i.  e.  only  fome  peculiar  colour. 

The  rays  of  light  iffuing  frdfn,  or  refleded 
from  every  point  of  an  objed,  carry  with  them 
the  image  of  that  point.  And  all  the  images 
of  all  the  different  points  of  an  objed  may  be  col- 
leded  fo  as  to  form  a complete  image  of  the 
whole  objed— Peculiar  circumftances  of  this  phe- 


nomenon— 


36  HEADS  OF  LECTURES,  &c. 

nomenon—Difference  between  diftinCtnefs  and 
brightnefs  of  an  image  or  of  an  objeCt. 

If  parallel  rays  be  reflected  or  refracted  by  one 
plane  furface,  or  by  feveral  plane  furfaces  that  are 
parallel  to  each  other,  they  will  remain  parallel 
after  the  reflection  or  refraCtion. 

If  parallel  rays  be  reflected  or  refracted  by  two 
or  more  plane  furfaces  not  parallel  to  each  other, 
they  will  not  remain  parallel  after  the  refraCtion 
or  reflection,  but  will  be  either  diverging  or  con- 
verging. 

Parallel  rays,  after  reflection  or  refaction,  by 
a curved  furface,  become,  in  fome  inftances,  di- 
verging, and  in  others  converging,  according  to 
the  nature  of  the  curved  furface. 

Focus  is  a point  in  which  converging  rays  meet, 
or  from  which  diverging  rays  feem  to  diverge,  after 
reflection  or  rIS&Ction — DiftinCtion  between  prin- 
cipal focus,  conjugate  focus,  and  virtual  focus. 

Parallel  rays  reflected  to  a focus  by  a paraboli- 
cal concave  furface. 

Diverging  rays  reflected  to  a focus  by  an  ellip- 
tical concave  furface,  the  two  foci  of  the  ellipfe 
being  the  conjugate  foci*- 


Any 


HEADS  OF  LECTURES,  &c.  3 7 


Any  other  concave  curved  furface  than  the  two 
above  mentioned,  reflect  rays  fo  as  to  make  them 
crofs  each  other  in  many  different  points,  fo  that 
a great  number  of  imperfect  foci  are  formed  : 
Thefe  imperfect  foci  are  arranged  in  a curve  cal- 
led the  catacauftic  curve,  which  varies  according 
to  the  nature  of  the  reflecting  curved  furface. 

Since  a fmall  portion  of  a fpherical  furface  near- 
ly coincides  with  a parabolical  and  with  an  ellip- 
tical furface,  fmall  portions  of  fpherical  furfaces 
may  be,  and  commonly  are,  ufed  inftead  of  ei- 
ther parabolical  or  elliptical  furfaces. 

Mirrors  are  either  plane,  or  convex  fpherical,  or 
concave  fpherical  furfaces. 

In  a plane  mirror,  the  focus  is  virtual. 

In  a convex  fpherical  mirror,  the  focus  is  alfo 
virtual. 

In  a concave  fpherical  mirror,  the  focus  is  real, 
being  fometimes  principal,  and  fometimes  con- 
jugate. 

To  find  the  focus  in  plane  mirror. 

To  find  the  focus  in  a fpherically  convex  or 
concave  mirror.  1 /?,  Mathematically.  2 d.  Me- 

chanically. 


Curved 
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Curved  furfaces  of  a peculiar  kind  refradt  pa- 
rallel or  diverging  rays  to  a focus  ; but  as  thefe 
peculiar  curved  furfaces  are  difficult  to  form  by 
art,  and  as  fmall  portions  of  fpherical  furfaces  re~ 
fradi  parallel  and  diverging  rays  nearly  to  a focus, 
thefe  iaft  are  generally  ufed  in  practice. 

Focus  by  a convex  fpherical  furface,  fometimes 
virtual,  principal,  or  conjugate. 

Focus  by  a concave  fpherical  furface,  always 
virtual. 

Lenfes,  different  fpecies  of  them : Axis  of  a 
lenfe  : Vertex  : Curvature  : Diameter  or  aper- 
ture. 

Problems  for  determining  the  focus  in  every 
different  fpecies  of  lenfe.  1/?,  Mathematically. 
2d,  Mechanically. 

Of  images  formed  in  the  foci  of  mirrors  and 
lenfes. 

> v.  j ■■  tiM, 

Of  diftorted  images. 

Image  of  the  objedt  formed  on  the  retina  is  the 
caufe  of  vifion. 

The  ftrudture  of  the  eye  exhibited  by  direc- 
tion, and  explained. 


Of 
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Of  the  nature  of  vifion— Perfect  or  diftinCt  vi- 
fion— Imperfect  or  indiftinCt  vifion  depends  on 
feveral  different  circumftances— The  imperfec- 
tions known  by  the  names  of  fhort-fightednefs 
and  long-fightednefs  particularly  confidered,  and 
the  methods  of  remedying  thefe  imperfections— 
Illufions  in  vifion. 

Of  vifion  by  glaffes— Optical  illufions— Opti- 
cal inftrurtients  ; viz.  Camera  obfcura  ; differ- 
ent conftruCtion  of  this  inftrument  for  different 
purpoies— Reading  glaffes — Microfcopes,  fmgle, 
double,  folar,  reflecting— Telefcopes  ; refraCting 
telefcopes  of  different  kinds  ; reflecting  telefcopes 
of  different  kinds : Of  the  imperfections  of  tele- 
fcopes, and  how  thefe  imperfections  may,  in  feme 
meafure,  be  obviated— Hadley’s  inftrument  for 
meafuring  angles  by  means  of  two  reflecting  plane 
mirrors ; the  great  utility  of  this  inftrument ; 
practical  directions  for  adjufting  it,  and  how  to 
ufe  it— Various  other  optical  inftruments. 

* * * 

When  rays  of  light  fall  on  any  furface,  and  are 
neither  reflected  nor  refraCted,  but  are'  abforbed, 
thgn  heat  is  produced. 


Various 
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Various  opinions  about  the  nature  of  heat 
but  chiefly, 

i/ly  Lord  Bacon’s  opinion,  (which  was  adopt- 
ed  by  Mr  Boyle,  Sir  Ifaac  Newton,  and  others,) 
that  heat  confifts  in  a motion  among  the  parts  of 
the  heated  body— The  grounds  of  this  opinion* 
2d,  Profeffor  Rickman’s  opinion,  that  heat  is 
a body  fui  generis — The  grounds  of  this  opinion. 
The  moll  obvious  property  of  heat  is  its  difpo- 
fition  to  diffufe  itfelf  equally  through  all  fub- 
ftances  whatfoever— Equilibrium  of  heat,  or  rather 
equilibrium  of  temperature. 

Of  the  equal  diilribution  of  heat  through  fluids, 
and  the  impoffibility  of  heating  one  part  of  a fluid 
mafs  more  than  any  other  part  of  the  fame  mafs. 
Of  the  unequal  diftribution  of  heat  through 
the  atmofphere— Several  phenomena  explained. 
The  general  effeHs  of  heat  are, 
i ft,  Expanfion — The  general  laws  of  expan- 
fion  by  heat  not  yet  afeertained— Inqonveniencies 
of  expanfion  on  feveral  occafions,  and  how  thefe 
inconveniencies  may  be,  in  feme  cafes,  obviated- — 
Ufes  to  which  expanfion  may  be  applied— Ther- 
mometers—The  hiftory  of  their  invention— De- 

fcriptioix 
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fcription  of  the  method  of  conflru&ing  thermo- 
meters, and  adapting  fcales  to  them ; different 
fcales  defcribed  and  explained,  viz.  Farenheit’s, 
Reaumur’s,  &c. — -Different  kinds  of  thermome- 
ters for  different  purpofes — Exceptions  to  expan- 
fion,  viz.  that  fome  few  fubftances  contract  by 
being  heated,  and  expand  by  being  cooled— 
Several  phenomena  explained  by  means  of  the 
principles  above  delivered. 

2 J,  Fluidity— Definition  of  a fluid— All  fo» 
lids  become  fluid  by  being  heated— The  pheno- 
mena, obfervable  when  a folid  is  changed  into  a 
fluid  by  means  of  heat,  are,  1 /?,  The  change  is 
flow  ; 2dj  The  temperature  of  the  mafs  is  al- 
ways the  fame  during  the  whole  time  of  the 
change  ; 3 d.  Different  fubflances  require  very 
different  degrees  of  heat  to  change  them  from  a 
folid  to  a fluid  {late. 

Former  opinions  refpeding  the  nature  and 
caufe  of  fluidity— The  hypothefis  of  Profeffor 
Mufchenbrook,  concerning  frigorific  particles, 
examined  and  refuted— The  doUrine  of  latent 
heat  explained  and  examined— This  doftrine  pro- 
ceeds on  the  fuppofition  that  heat  is  a material 

F fubfiance 
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fubftance  ; doubts  whether  heat  be  really  a fub- 
ftance ful  generis — The  doftrine  of  latent  heat 
does  not  explain  all  the  phenomena  obfervable 
in  the  melting  and  congealing  of  bodies — Expla- 
nation  of  the  phenomena  on  the  fuppofition  that 
heat  is  a condition  of  the  heated  body,  and  con- 
lifts  in  a motion  among  the  particles  of  matter 
compofmg  fthe  body — -This  do&rine  of  fluidity 
explains  many  phenomena  concerning  the  melting 
and  congealing  of  bodies  which  the  do&rine  of 
latent  heat  does  not. 

3 <i,  Evaporation— Definition  of  vapour— Phe- 
nomena attending  the  converfion  of  a body  into 
vapour  fimilar  to  thofe  attending  the  converfion 
of  a folid  into  a fluid—  i/?,  The  converfion  is 
flow- — 2 dly.  The  temperature  of  the  mafs  is  al- 
ways the  fame  during  the  whole  time  of  the  con- 
verfion— 3 dly.  Different  fubftances  require  very 
different  temperatures  for  their  converfion  into 
vapour. 

Former  opinions  refpedling  the  formation  of 
vapour— The  dodlrine  of  latent  heat  infufficient 
for  explaining  all  the  phenomena — Explanation 
of  all  the  phenomena  on  the  fuppofition  that 
heat  confifts  in  a motion  among  the  particles  of 
matter  compofmg  the  body. 


Farther 


HEADS  OF  LECTURES,  &c. 


43 


Farther  considerations  refpeCting  the  different 
flates  or  forms  in  which  a fubflance  exifls,  viz* 
in  a folid  date,  in  the  flate  of  a fluid,  and  in  the 
Hate  of  vapour.  Moft  fubflances,  by  the  appli- 
cation of  heat,  pafs  through  the  intermediate 
flate  of  fluidity  before  they  are  converted  into  va- 
pour ; and  the  very  few  fubflances  which  do  not, 
may  be  made  to  do  fo  by  proper  management— 
This  phenomenon  inexplicable  by  the  do&rine 
of  latent  heat ; but  fully  explicable  on  the  fup- 
pofition  that  heat  confifls  in  a motion  among  the 
particles  of  matter  compofmg  the  body. 

4 th9  Ignition — -The  connection  between  light 
and  heat. 

5^,  Inflammation— This  effeCl  of  heat  is  con- 
fined to  a certain  clafs  of  fubflances  called^inflam- 
mable  fubflances— No  inflammation  can  take 
place  without  the  aCtion  of  the  air— Farther  con- 
fiderations refpecting  inflammation  referved  till 
we  have  treated  of  air. 

if  if  if 

More  particular  consideration  of  fluidity— 
That  branch  of  Natural  Philofophy  which  con- 
siders 
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fiders  and  treats  of  the  nature  and  general  pro- 
perties of  fluids  is  called  Hydroflatics. 

Hydraulics  is  the  art  of  raifmg  and  conveying 
fluids  ; and  this  art  is  founded  on  the  principles 
which  the  fcience  of  hydroflatics  teaches. 

The  furface  of  a fluid  at  refl  is  a plane  parallel 
to  the  horizon  ; but  if  the  furface  be  very  exten- 
five,  then  it  is  fpherical. 

The  furface  of  a fluid  Hands  at  the  fame  hori- 
zontal heighth  or  level  in  veflels  that  communi- 
cate by  pipes  or  channels— This  property  of  flu- 
ids applied  to  many  ufeful  purpofes  ; levels,  arti- 
ficial horizon,  conducting  water  into  towns,  &c. 

If  a fluid  be  at  refl  in  a veflel,  whofe  bafe  is 
parallel  to  the  horizon,  then  equal  parts  of  the 
bafe  are  equally  preflfed  by  the  fluid. 

The  preflure  of  a fluid  at  any  depth  is  propor- 
tional to  the  depth,  and  is  equal  in  all  manner  of 
directions. 

The  preflure  of  a fluid  on  the  horizontal  bafe 
of  the  containing  veflel  ==  the  bafe  (when  the 
depth  of  the  fluid  is  the  fame)  whatever  be  the 
fhape  of  the  veflel. 


And 
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And  univerfally  the  preflure  ==  depth  of  the 
fluid,  and  the  bafe  of  the  containing  veffel  con- 
jointly. 

Of  fpouting  fluids— The  path  defcribed  by  a 
fpouting  fluid  is  a parabola,  except  when  fpouting 
perpendicularly.  A fluid  fpouting  perpendicu- 
larly upwards  rifes  nearly  as  high  as  the  furface 
of  the  fluid  in  the  refervoir. 

The  velocities  of  fpouting  fluids  ==  fquare  roots 
of  the  depths  of  the  aperture  below  the  furface. 

The  quantities  difcharged  ==  fquare  roots  of 
the  depths. 

The  quantity  difcharged  the  area  of  the  aper- 
ture ; and  if  the  aperture  be  circular  ==  fquare 
of  the  diameter  of  the  aperture. 

And  univerfally,  the  quantity  difcharged 
fquare  root  of  the  depth  and  the  area  of  the  aper- 
ture conjointly. 

If  d = the  depth  of  the  aperture  below  the  fur- 
face, b = the  diameter  of  the  circular  aperture, 
both  in  inches,  then  the  abfolute  quantity  dif- 
charged in  a fecond  of  time  = o.  7854b*  v'’  386  cL 
cubic  inches,  or  = 4 b2  gallons  Engliffa 
wine  meafure. 


The 
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The  fame  principles  applied  for  afcertaining 
the  quantity  of  a fluid  that  flows  through  a flit 
of  known  dimenfions,  in  the  fide  of  a full  veffeL  \ 

Application  of  the  two  lafh  propofitions  to  the 
practice  of  meafuring  the  quantity  of  water  dif- 
charged  by  a fpring,  or  the  efflux  of  a mill-dam, 
or  other  ftream. 

If  a fluid  runs  through  a pipe,  the  velocities  in 
different  parts  of  the  pipe  ==  tranfverfe  fe&ions  of 
the  pipe  in  thefe  parts  reciprocally  ; and  if  the 
pipe  be  cylindrical  = fquares  of  the  diameters  re- 
ciprocally. 

The  quantities  of  a fluid  running  with  the  fame 
velocity  through  cylindrical  pipes  of  different  dia- 
meters = fquares  of  the  diameters. 

Of  the  motion  of  fluids  in  channels,  rivers, 
mill-leads,  &c. 

The  figure  of  a fluid  globe  at  refl  is  perfectly 
fpherical ; but  if  the  fluid  globe  has  a rotation  on 
an  axis,  then  the  perfect  fphere  is  changed  into 
an  oblate  fpheroid. 

Invefligation  of  the  ratio  of  the  polar  and  equa- 
torial radius  of  the  earth,  according  to  the  dyna- 
mical 
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mical  principles  formerly  delivered.  This  ratio 
afcertained  to  be  229  : 230. 

Other  methods  of  finding  the  equatorial  and 
polar  radii  of  the  earth,  by  pendulums,  or  the 
going  of  pendulum  clocks,  and  by  a&ual  meafure- 
ment ; whence 

The  equatorial  radius  — 20993530  feet. 

The  polar  radius  - 20895806. 

The  mean  radius  = 20944668. 

The  diflurbance  of  the  oblate  fpheroidicai  fi- 
gure of  a rotatory  fluid  globe,  by  the  attractive 
forces  of  other  bodies. 

The  phenomena  of  the  tides  explained  by  the 
principles  eflablifhed  in  the  foregoing  proportion. 

When  a folid  body  is  immerfed  in  a fluid,  it 
difplaces  a quantity  of  the  fluid  equal  to  its  own 
bulk. 

If  the  folid  is  capable  of  finking  in  the  fluid,  it 
lofes  a part  of  its  weight  by  being  immerfed  in 
the  fluid. 

The  lofs  of  weight  which  the  folid  fuflains  is 
equal  to  the  weight  of  a quantity  of  the  fluid  of 
tfie  fame  bulk  with  the  immerfed  folid. 


This 
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This  property  of  bodies  immerfed  in  fluids  ap« 
plied  to  the  purpofe  of  afcertaining  the  fpecific 
gravities  of  bodies. 

Of  the  conflrudtion  of  tables  of  the  fpecific 
gravities  of  bodies  ; and  why  pure  water  is  af- 
fumed  as  the  general  flandard  in  thefe  tables. 

Different  methods  of  finding  the  fpecific  gra- 
vities of  folid  bodies. 

i/t,  If  the  folid  be  heavier  than  water, 

2d,  If  the  folid  be  lighter  than  water. 

3d,  If  the  folid  be  liable  to  be  diffolved  by 
water. 

Different  methods  of  finding  the  fpecific  gra- 
vities of  bodies  in  the  form  of  powder,  as  fand, 
earth,  &c. 

Different  methods  of  finding  the  fpecific  gra- 
yities  of  fluids. 

Utility  of  the  tables  of  fpecific  gravities  of  bo- 
dies. 

Several  problems  folved  by  the  principles  de- 
rived from  the  doctrine  of  fpecific  gravities. 

Of  floating  bodies— They  difplace  a quantity 
of  fluid  equal  to  their  own  weight — Floating  bo- 
dies applied  to  afcertain  the  fpecific  gravity  of  bo- 
dies 
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dies,  either  folid  or  fluid  ; to  weigh  cargoes  of 
boats  and  fhips. 

On  the  equilibrium  of  floating  bodies. 

The  center  of  gravity  of  the  whole  floating  bo- 
dy, and  the  center  of  gravity  of  the  immerfed 
part  of  the  floating  body,  are  always  in  the  fame 
perpendicular  line  to  the  horizon. 

The  equilibrium  can  only  be  permanent  when 
the  diftance  between  thefe  two  centers  of  gravity 
is  the  leaft  poffible. 

Practical  rules  concerning  the  form  of  bodies 
intended  to  float. 

* * 

A more  particular  confideration  of  vapours,  or 
elaftic  fluids.  ' N 

That  branch  of  Natural  Philofophy  which 
treats  of  the  nature  and  general  properties  of  elaf- 
tic fluids,  is  called  pneumatics. 

The  moil  abundant  elaftic  fluid  in  nature  is 
the  air  in  which  we  live,  and  which,  furrounding 
the  globe  of  the  earth,  forms  the  atmofphere. 

Air  is  heavy— Is  capable  of  being  weighed— 
Its  fpeciftc  gravity  is  0.001222,  that  of  pure  wa- 
ter  being  unity. 


G 


The 


5° 


HEADS  OF  LECTURES,  &c. 


The  air  capable  of  being  taken  out  of  a vefTef 
by  feveral  means;  but  moft  conveniently  by 
means  of  an  inftrument  called  an  air-pump. 

This  inftrument  defcribed,  and  its  conflrudion 
exhibited  and  explained.  Its  imperfections.  It 
Can  never  make  a perfect  vacuum,  but  only  ap- 
proximates to  a vacuum. 

The  elafticity  of  the  air  confidered,  and  proved 
by  many  experiments. 

The  preflure  of  the  atmofphere  very  great — - 
Method  of  afcertaining  the  quantity  of  this  pref- 
fure,  which  is  found  to  be  between  14  and  15 
pounds  avoirdupoize  weight  on  every  fquare  inch 
of  furface — The  atmofphere,  like  all  other  fluids, 
prefles  equally  in  all  manner  of  directions. 

The  barometer,  which  fliews  and  meafures  the 
weight  or  preflure  of  the  atmofphere,  is  a ufeful 
inftrument— Different  conftruCtions  of  this  inftru- 
ment, with  their  refpeCtive  advantages  and  de- 
feats. 

The  preflure  of  the  atmofphere  is  not  always 
the  fame,  and  feems  to  have  fome  fort  of  connec- 
tion with  the  ftate  ox  the  weather,  and  hence  the 

barometer  is  a weather-glafs. 


Practical 
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Practical  directions  for  judging  of  the  flate  of 
the  weather  by  the  rifmg  and  falling  of  the  quick- 
filver  in  the  barometer. 

The  denfity  of  the  air  varies  as  the  preffure  va- 
ries ; hence  the  denfity  ==  the  weight  of  all  the 
fuperincumbent  air. 

Hence  alfo  the  denfity  of  the  air  is  different  at 
different  heighths  frqm  the  furface  of  the  earth. 

The  logarithm  of  the  denfity  ==  heighth  above 
the  furface  of  the  earth. 

The  denfity  of  the  air  reciprocally  =~  the  heat 
or  temperature. 

Hence  univerfally  the  denfity  ==  preffure  di- 
rectly, and  the  temperature  reciprocally. 

The  preffure  is  meafured  by  the  barometer,  and 
the  temperature  is  meafured  by  the  thermometer. 
Hence  by  thefe  two  inftruments  we  can  meafure 
the  denfity  ; and  hence  alfo  the  barometer  and 
thermometer  are  capable  of  being  employed  for 
meafuring  heighths. 

Practical  directions  for  meafuring  heighths  by 
means  of  the  barometer  and  thermometer. 

Several  phenomena  explained  which  are  caufed 
by  the  preffute  of  the  atmofphere. 


The 
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The  preffure  of  the  atmofphere,  being  a very 
great  force,  is  frequently  applied  to  feveral  ufefui 
purpofes— The  fyphon  and  its  manner  of  opera- 
tion explained. 

The  principles  of  the  common  pump  explain- 
ed, and  its  conftru&ion  confidered— Forcing, 
lifting,  and  other  pumps— Water  engines. 

The  fire  engine  defcribed,  and  its  general  prim 
ciples  explained— Hiftory  of  the  various  improve- 
ments which  this  ufefui  machine  has  received, 

'’K  -K 

Hiftory  of  the  difcovery  made  by  Mr  Boyle, 
that  air  is  fometimes  found  combined  with  other 
fubftances  ; in  which  ftate  it  is  void  of  elafticity, 
and  was  called  fixed  air.  Dr  Hales  firft  obferved 
fixed  air  to  be  different  from  the  air  of  the  at? 
mofphere. 

Fixed  air  can  be  feparated  from  the  fubftances 
which  contain  it,  and,  when  feparated,  it  always 
recovers  its  elafticity. 

It  may  be  feparated  from  the  fubftances  which 
contain  it.  i/?,  By  removing  the  preffure  of  the 
atmofphere,  2 dly,  By  the  application  of  heat. 
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3 J,  By  mixing  the  fubftance  containing  it  with 
other  fubhances. 

The  firfl  method  is  practicable  only  in  a very 
few  cafes- — Examples. 

By  the  fecond  method,  the  fixed  air  is  moft 
commonly  feparated  fuddenly ; and,  with  vio- 
lence, producing  explofions— Examples. 

By  the  third  method,  the  air  is  feparated,  ex- 
cept in  a few  cafes,  gradually— Examples. 

On  the  general  nature  of  mixture,  and  the 
phenomena  obfervable  when  fubhances  are  mix- 
ed with  each  other. 

Elective  attractions  confidered,  , 

Air  extricated  from  chalk  by  mixing  the  chalk 
with  an  acid. 

When  this  air  is  examined,  it  is  found  to  have 
many  properties  by  which  it  differs  from  com- 
mon or  atmofpheric  air—  i/?,  It  is  heavier  than 
atmofpheric  air —idly.  It  extmguifhes  flame  irm 
merfed  in  it— $dly9  It  kills  animals  that  breath 
it— 4 thly.  It  unites  with  water,  imparting  to  the 
water  an  acid  tafte  and  a peculiar  briiknefs, 

Natural  hiftory  of  this  air— It  occurs  frequent- 
ly in  a feparate  ftate  ^ is  contained  in  various 

other 
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other  fubftances  befides  chalk ; is  extricated  or 
produced  by  feveral  natural  operations — -Its  vari- 
ous names. 

Another  peculiar  kind  of  air  extraded  from 
water,  by  mixing  the  water  with  a metal  and  the 
acid  of  fulphur — -The  general  properties  of  this 
air — .Its  natural  hiflory  and  various  denomina* 
tions. 

Another  peculiar  kind  of  air,  called  nitrous 
air,  extraded  from  nitrous  acid,  by  mixing  the 
acid  with  a metal— The  properties  of  this  air  are, 
i ft.  It  is  noxious  to  animals- — 2 It  extinguifhes 

flame* 3 d.  When  mixed  with  four  times  its 

bulk  of  atmofpheric  air,  red  fumes  are  produced, 
which,  being  condenfed,  are  found  to  be  nitrous 
acid  ; the  five  bulks  of  air  are  reduced  to  three; 
and  the  air  thus  leffened  is  unfit  for  the  fupport 
of  animal  life,  or  of  combuftion,  and  has  hence 
been  called  Azot. 

If  animals  breath  in  a portion  of  confined  at*, 
mofpheric  air,  the  animals  die,  and  the  bulk  of 
the  air  is  reduced  to  about  three-fourths  of  its 
original  bulk,  the  remainder  being  azot,  or  the 
fame  kind  of  air  as  that  which  is  obtained  by 
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mixing  atmofpheric  air  with  a certain  portion  of 
nitrous  air. 

Inflammable  fubftances  burning  in  confined 
atmofpheric  air  produce  the  fame  effe£t. 

The  conclufion  drawn  from  thefe  phenomena 
is  that  the  atmofphere  confifts  of  two  diftindt 
kinds  of  air ; the  one  of  which,  being  about  the 
fourth  part  of  the  whole,  is  employed  for  the 
fupport  of  animal  life  and  of  combuftion,  and 
that  the  other  three-fourths  is  unfit  for  thefe  pur- 
pofes — The  firft  has  therefore  been  called  vital 
air,  empyreal  air,  or  pure  air,  and  the  other  azo- 
tic air  or  (imply  azot. 

Another  conclufion  drawn  from  thefe  pheno- 
mena is,  that  the  nitrous  acid  is  a compound  con- 
fiding of  pure  air  and  nitrous  air. 

Pure  air  feparated  from  nitre* — Its  properties 
more  particularly  confidered,  and  the  contents  of 
the  atmofphere  determined  to  be. 

Vital  or  pure 

a _ . • in  the* 


When  inflammable  fubftances  are  burnt  in 
pure  air,  all  the  air  difappears ; and,  if  the  com- 
buftion 


Azotic  air, 
Chalk  air. 


in  the 
hundred. 
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bullion  be  fo  managed  that  nothing  efcapes,  we 
find  the  produce  to  be  equal  in  weight  to  the 
fum  of  the  weights  of  the  inflammable  fubftance 
and  of  the  air : And  fmce,  in  moll  cafes,  the  pro- 
duce, after  combuftion,  is  an  acid,  pure  air  has 
been  called  oxygene. 

Farther  confideration  of  the  union  of  pure  air 
with  other  fubllances. 

Pure  air  being  neceffary  for  fupporting  animal 
life  and  combuftion,  a great  quantity  of  it  is  con- 
tinually expended  in  thefe  natural  proceffes  ; 
hence  all  of  it  would  in  a Ihort  time  be  confum- 
ed,  had  not  nature  provided  means  for  reproduc- 
ing it— The  different  proceffes  of  Nature  by 
which  this  reproduction  of  vital  air  is  effected — 
General  inference  that  there  is  a difplay  of  wif- 
dom,  defign,  and  contrivance,  for  continuing  and 
preferving  the  world  in  its  prefent  ftate. 

* *-  * 

Befides  the  ufes  of  air,  above  enumerated,  we 
find  it  to  be  the  caufe  of  found. 

Sound  is  produced  on  the  following  occafions, 
ljl7  When  air  rulhes  violently  into  a vacuum— 

2d, 
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2d,  When  condenfed  air  rufhes  violently  out  of 
its  confinement — 3 d.  When  a folid  is  quickly 
moved  through  the  air— 4 tb.  When  air  paffes 
quickly  through  a parcel  of  fplids,  or  through 
holes— 5^,  When  folid  elaftic  bodies  are  (truck 
ap-ainft  one  another  in  air.  Air,  therefore,  is  aL 

o 

ways  neceffary. 

Caufe  of  found  more  particularly  confidered. 
Velocity  of  found  1 142  feet  in  a fecond. 
Echoes,  fimple  and  multiplied. 

Sounds  vary  in  tone,  and  are  either  grave  or 
acute  ; a grave  tone  from  (low  vibrations,  an  a- 
cute  tone  from  quick  vibrations. 

Of  the  nature  of  the  vibrations  of  a muficai 
firing. 

The  number  of  vibrations  in  firings  of  the  fame 
materials  and  diameter  ==  fqtiare  root  of  the  ten- 
fion  with  which  they  are  (tretched. 

The  number  of  vibrations  in  (trings  of  the  fame 
materials  and  diameter  ==  lengths  reciprocally. 
And  univerfally,  the  number  of  vibrations  4- 

fquare  root  of  the  tendon  diredtly,  and  the  length 
of  the  firing  reciprocally. 

Of  concords,  difcords,  and  harmony. 

H 


Of 
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Of  currents  in  the  atmofphere,  commonly  cal- 
led winds. 

They  are  either,  perennial  or  conftant 
winds,  as  the  trade  winds  between  the  tropics. 
Or,  2 dly9  periodical  or  ftated  winds,  as  the  mon- 
foons,  in  large  bays  and  gulfs.  Or,  jc/Zy,  varia- 
ble  winds. 

Of  the  genera}  caufe  of  winds ; how  this  caufe 
is  fo  modified  as  to  produce  all  the  effe&s  above 
mentioned. 

Whirlwinds  conftdered,  and  their  caufe  ex- 
plained. 

Rain  ; its  formation— Mifts,  dews,  and  clouds. 

Various  phenomena  accompanying  mifts  and 
rain — -Rainbow,  weathergalls,  halos,  parhelia,  &c» 

Of  atmofphericai  refra&ions. 

& ^ 

OF  the  refinance  which  the  air  and  other  flu- 
ids make  againft  bodies  moving  in  them. 

Refiftance  ==  fquare  of  the  velocity  of  the  mov- 
ing body. 


Refiftance 
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Refinance  ==  fquare  of  the  diameter  of  the 
moving  body. 

Refidance  ===  denfity  of  the  fluid  in  which  the 
body  moves.  This  lafr  proportion  fuppofes  the 
fluid  to  be  perfect,  i.  e . whofe  particles  of  matter 
have  no  attraction  of  cohefion,  or  a fluid  which 
has  no  tenacity. 

Uhiverfally,  the  refinance  ==  fquare  of  the  ve- 
locity, fquare  of  the  diameter  of  the  moving  bo- 
dy, and  the  denfity  of  the  fluid  conjointly. 

In  the  cafe  of  falling  bodies,  when  they  have 
acquired  a certain  velocity,  the  refinance  becomes 
equal  to  the  accelerating  force,  and  the  body  falls, 
not  with  an  accelerated,  but  with  an  umforni  ve- 
locity. 

What  relates  to'  the  refinance  which  bodies 
meet  with  when  they  move  in  fluids  holds  good 
with  refped  to  the  refiftance  which  a body  at  reft 
exerts  againd  a moving  fluid  $ or  to  the  force 
which  a moving  fluid  exerts  on  a body  at  red. 

Thefe  principles  applied  for  afcertaining  the 
adion  of  a dream  of  water  againd  piers  and  bul- 
warks, and  alfo  againd  the  fieaLbpards  of  milk 
wheels,  &0. 


The 
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The  aCtion  of  the  wind  againft  buildings,  and 
againft  the  fails  of  wind-mills  and  the  fails  of 

fliips. 

The  above  principles  applied  to  the  failing  of 
fliips* 

Peculiar  attractions* 

i/?,  The  attraction  of  the  magnet  for  iron  and 
for  other  magnets. 

Two  points  in  the  magnet  which  attraCt  more 
itrongly  than  any  other  parts  of  the  magnet. ' 

A magnet  communicates  its  powers  to  a piece 
of  iron  without  having  its  own  power  in  the  leaft 
diminifhed.  Hence  artificial  magnets. 

On  the  directive  quality  of  the  magnet,  and 
the  peculiarities  of  this  quality.  Poles  of  the 
magnet. 

On  the  peculiarities  relating  to  the  aCtion  of 
magnets  on  one  another. 

Iron  and  iteel  made  magnetica!  without  the  in- 
tervention of  a natural  magnet. 

The  various  ufes  of  the  magnet—Of  the  ma- 
riners 


t 
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liners  compafs  j practical  remarks  on  its  conftrue* 
tion  y directions  relative  to  its  ufe  and  manage- 
ment. 

Various  opinions  about  the  nature  of  magnet- 
if  in  enumerated  and  examined — All  of  them  hy- 
pothetical and  inefficient  for  explaining  the  phe- 
nomena. 

<ldy  The  attraction  of  amber,  and  of  other  fub- 
fiances  peculiarly  circumftanced,  for  a variety 
of  other  fubitances. 

EleCtricity— General  phenomena  exhibited. 

Proofs  of  the  exiflence  of  the  eleCtrical  mat- 
ter— The  mode  of  its  paffing  from  one  body  to 
another 

Of  what  is  called  pofitive  and  negative  electri- 
city. 

Of  the  fimilarity  between  eleCtricity  and  thun- 
der. 

The  phenomena  of  thunder  and  lightning  de- 
ferred and  explained.  Thunder  proved  to  be 
identical  with  eleCtricity. 

The  phenomena  of  the  aurora  borealis  confi- 
dered.  Of  the  connection  mutually  exi fling  be- 


tween* 
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tween  the  aurora  borealis,  ele&rieity,  and  mag- 

netifnio 

Pra£tical  direffions  for  obviating  the  effects  of- 
ten produced  by  lightning. 

Conclufion,  containing  general  remarks  on  the 
confutation  of  the  world,  the  wifdom  difpiayed 
In  its  formation,  and  in  the  contrivances  for  its 
prefervatiom 
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